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Bropan MexLyHapojnan KoHdepeHuy

) A/CONF/15/P/2219
Opratnaauin OGueunennbix Hauui s

0 NPHMEHEHHIO ATOMHOR 3HEprHH ORIGINAL:RUSTAN
B MHDHLIX L,eNAX

He nognewut ornawenwnin 4o oMuuasbioro coobuyenun na Kondwporimu

VISMEPEHUE CEYEHMA PAIMAIMOHHOIO BAXBATA
BHCTPHX HEWTPCHOB

A Nednyuckuit, 0.1.KasauxoBckuii, I'.%.Ap- N

TOX0B, A.W.bapsunuxos, T.C,Banauosa,

B.H.Tanxos, 0.1.Crapucckuii, 9.A.CTyu0yp,
1.E.llepMan

Paspurune npoGneud co3faHus PeakTOPOB Ha CHCTPHX HeMTpOHAX ¢
pacuvipe HHEM BOCHPOU3BOLCTBOM ALEePHOI'O TOPDYEr0 NOCTAaBUIO 3ajayy
usMepenus S¢PeXTUBHHX CEUeHull painaluoHHOrO BaxaaTa LNs BeuecTs,
UCNONb3YEeMHX B KAQuecrBe KOHCTPYKLMOHHHX Marepualos, TenjoHocure nelt
u pascaButencl ( B romM wacne gasm U 256 g Th 2%y,

°  PaxuamuouHui 3saxpaT HelTPOHOB BaxeH, B NE€PBYD OUEPEXb, C TOY-
KY 3penis BOCNDPOWU3BOLCTBA HeNAUMXCE Y30TONOB. JaxBaT HeXTDOHOB
, B KOHCTDYKLVOHHHX MaTepuanax, TEIMIOHOCUTeNAX, B HeHATpaAbHHX pa3=-

4 OaBuTeNAX NDKBOLUT K MOoTEpe HellTPOHOB IS BOCHPOM3BOILCTBA, B TO

) X¢ BpeMA DalualuoHHNi 3axsar B U n 2% emer x mossae -

- HUD HOBHX JeNAuUuXcsg WU30TOii0B ¥, TakuM 00pa3oM, /NEEUT B OCHOBE —
BOSMOXHHX IMKJIOB BOCNPOM3BOLCTBA . [loMuMo 5TOre, pamvaluOHHHK 3ax- "
par B KOHCTDYKIMOHHHX MaTrepuamax ¥ TEIMNIOHOCHUTENe B OCHOBHOM ONpe-
JendeT WX axkTusanup B peakrcpe, C BeAMYUHOA BTOM aKTwBAIUW cBABA-
HH YCJIOBUA BKCHAyaTanuWy¥ PeakTopOB ¥ TpeCGOBaHUA, NPeIbABIAEMHE K
parranuoHHOl 3amuTte.,

Ko BpeMeHM Hauana sxcnepuMeHTalbHuX pador (1950) wmenuch
BecbMa OTrpaHuueHHHe ¥ MPNTHUBOPEUUBHE JaHHHE [0 ceyeHUsM paIuamioH.
HOTO 3axBaTa OHCTPHX HEWTDPOHOB., J10 CLenane HeoCXOXuUMOA MOCTAHOB-
I Ky Ienoro palla ucciaeroBaHull, U3MepeHus BENUCEH Da3NUUHHMU MeTOAa-
| MU INA HEeATDOHOB DA3/VYHHX BHEPTWi ¥ A4 BO3MOXHO CONBHETrO Yucia
W30TONOB C TeM, YTOOH MONYUHTh HEOGXOXWMHE MDY pacderax peaxkTopos
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KOHCTQHTH C HauOonbued mnajexHocIb®, lBMEDerMe ceveHu# Iid 00 ib-
WOT'0 YMCHa W3O0TONOB, B TOM UMCAE U LNAA TeX, KOTOPHE He MOTyT
OHTb MCNONb30BaKN B PeaKkIopax,HO3BONANO ¢ NDUBIEYEHUEM Teopun
IPOUSROXMTL OLEHK cevueHuil 3axpara, He NOLLADUWUXCH HDAMHM M3Me -
pe HuauM,

OXHMM u3 HauloNee TDPOCTHX ¥ YyHoTpeOUTeNbHHX CHOCO0JB uU3Mepe-
HAS CceueHMl 3axsarTa ABJNETCA, KAaK WU3DECTHO, METOXL aKkTUBALuK, K
YACHY. €T0 NPEUMYNECTB OTHOCUTCA BOBMOXHOCTH M3MEDEHUS CeueHyi
OT Me/bENX M30TONOB 0e3 pa3leNeHUs e€CTECTBSHHHX cMecel ¥30TONOB,
BO SWOXHOCTP ICNOAL30BAHWA ManHX KONUUECTB WCCHAEeLYeMHX BEemecTs
( mropagka Mr ), OgHako NpUMEHUMOCTDL €ro cymecTBEHHQ OTrpaHuyeHa
GRTHPUDYEMHMU u30TONAMHM, [l09TOMY HaTALYy C METOLOM AKTUBALUM NDH
U3MEPEHUAX CEUEHUH 3aX;.ara NPUMEHANMCH METOIH, OCHOBAHHNE Ha W3-
MepeHuM MHTEHCMBHOCTM WM3NYUEHWs 3axBara, HA OcnalneHMe MOTOKA
HeH IpNHOB B CHEDUYECKON reoMOTPMU, METOZ KOTENbHOTO ocuunngTOPa,
fcrronb30sanHue STUX METOXOB MOSBONANO MONYYaTh CEUEHWUs 3axBara nna
HeahrTHBUPYEMHX U30TONGB .,

CeurHMd 3axBaTa USMEDANUCH KAK IL/g MOHO3HEDreTnUecKux He#Tpo-
HoB ( Helrpoms or aiepuux peaxmui 'T(P,M)He® ,  D(D,n)He?,
goronedrpors Sb-Be, Na-D,0, No-Be , rax v zna wupoxux cnexr-
0B HelitporoB ( HedTpoHN IeneBus, 00.1ee MATKUE CIEKTPH He#TpOHOB,
ycT aHaBnuBabumecs B aKTUBHO! 30He U B DKDaHe peakTopa Ha OHCTDPHX
ve¥ TpoHax), MaMepedaus xna WVPOKUX COEKTDPOB TPYyLHEE WHTEPNpPeIHPO-
BaTh, OLHAKO, MPU UX MPOBELEHMW MPAKTHYECKM OTCYTCTBYDT OrpaHu-
YeHUA N0 MHLEHCUBHOCTM. JTO NO3BONAET W3MEPATH BECHMA MA/HE CE =
GeHUA, HEJOCTYNHHE XNd W3MePeHul C MOHOSHEDre TUYECKUMU HelTpoHaMHU,

llerxo BuzeTh, YTO B GOABWMHCTBE CAYYaeB U3MEpEeHHHEe CeueHns
ONpeXeNsvICA MHOTMMUA YDOBHAMYU NPOMEXYTOUYHOTO Axpa, n00 JLaxe LN
He¥ TPOHCB OT ALEDHHX peaxrnuii JelcTBUTeNbHAR uMpvuHa SHEPreTuvyecKo-
FO pacupeieNeHuA HEHTPOHOB BHAYMTENbHO UDPEBOCXCIUT CpejHee pacCTos-
Hre Mexgy ypoBHAMu ( MCKINYas nerkue M "Marudeckue"szpa). PKeme-
pUMEHTaNbHNEe PACdOTH MO U3MEPEHUN CeueHuil palnaLvoHHOTO 3axpara,
paccuarpubaeMue B HACTOAWEM HOKNAXE, NPOBOIUMUCE B TeueHUe
1950-1957 rr. B ocHOBHOM NPOUBBOLVMKCH OTHICHTE IbHHE u3MepeHus ,

U Z74 nonyveHus alCONNTHHX 3HAUYEHWME CEYeHWd UCNOIb30BANNCh HEKO-
TOPHe onopuse cevedus ( ceueHus BaxpaTa TemNOBYX HeJTPOHOB,; ce-

YeHMd 3aXBaTa OHCIPHX HESHTDOHOB M30TONAaMu, BHODAHHNMM B KauecTse
9TATIOHOB ¥ T.M.).
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llpuse zeuuHe B foxMage péaynwam usMepe HUY mepecuuTaHn Ha
OCHOBe HauGoNee NO3KHUX ONYOMUKOBAHHHX ONODHHX CeueHud, B norpei-
HOCTH DPE3Y/NbTATOB He BKINYEHH TOTPEWHOCT! B ONOPHHX CEYEHUAX..
lpuHuManuch Caelyoune ONOPHWE CEYSHMA L1d OCHOBHHX BTANOHOB:

U'IB? 24 xoB 3 0,32 Capu /1/
- 200 k9B : 0,40 Gapn /2/
‘J\)
u 239 200 k3B s 1,47 Gapn /3/
Pu lleHTp aKTUBHON BOHY PeaKT(pa Ha GHCTPHX
Helirposax : 1,83 Gapu. - L/
JKpaH peaxropa Ha GMCTpWX HedTpowax; 1,75 GapH L/
oo b30BaNMCh CEUEHHA 3axXBala TETIIOBNX HeATPOHOB, MpUBEZLEH-
uie 8 /5/ , /6/.

1. PaxuanuoHHH] 3axBaT HETPOHOH OT peakLMil

ToyHe®  D(D,n)He?

T) AETUBALMOHHHE W3MEDEHUA

Meronou akrusamimy OuIM W3MEDeHd CEuRHMs BaxpaTa IAd paza
¥30TOMOB Tipu dHeprunm Helrpowos ~ 0,2, ~ 2,7 u ~ 4 Mos,
Hedirpous sHeprum ~ 0,2 M moxyuanscs npn peaxuuu T (P,n)He®
OpoTexaBlell Ha MUlleHM YCKODUTEbHON TPYOKM KacKaIHOTo redeparTo-
pa. JHepreTuyeckuii pas3Cpoc HelTPoHOS onpere nAnNCA, B OCHOBHOLU,
TOMUUHOM MumeHn u cocTannan ~ 30 k8B, O0pasIu MCCNELYEMHX BemecTB
) odpaaeu #oxa-127, WCHONb3YyeuMHll KaK 9TalroHHWYA, COBMECTHO 0Gny-
yanuch B MOTOKaX OHCTPHX (puc. I) 4 TEmnosEx HeATpPOHOB.

Oﬁnyqenwe TETI0BHMU HeJ TPOHAMM MPOU3BOAUNIOCH B TENNOBOH
KOOHHE YPaH-rpadUIoBOTO peakrTopa Hp¥ KaIMKeBOM oTHOWEHUU ~ 200
(mo #oxy). AxTUBHOCTH 00paslioB MBMEPAIUCh C TOMOWBI TOPLUOBHX ra=-
30pas3pALHHX CUETHUKOB Tuma MCT-17,

B cnyuae, ecnu BpemeHa OGIyueHus, BHCBEUUBAHUA M WUBME PEHUA
InA KAEJOTO0 00pa3la 0CTAnICs TNOCTOAHHHMU, ceyeHUe 3aXBaTa MOXET
OHTH ONpPELENeHO 10 COOTHOWEHUNS
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- OTHOWEHNA @KTUBHOCTE! MCCIeIyeMOTO M
OTANOHHOr0 00pa3lU0B B NMOTOKAX OWCTPHX
W TEMIOBHX HeHTPOHOB;
63q, - CeueHus 3axsaTa CHCTPHX M TENNOBHX
HellTPOHOB BTanoHOM;
('50,. ~ Ceuenue 3axBaTa TENNIOBHX HeliTpoHOB
CCnelyeMud 3/1eMeHTOM,

llpn usMepeHun cevenuii 3axsara HeZTpoHos suepruit 2,7 v 4 Mop
CTOUHMKOM HeliTpouos cayxuna peaxnua D (D), rL)Hef [1poTeKaBuas
HQ MUleHW U3 TAXENOTO nbia. OGnyvasruecs 0C0pasuy pacilonaranucek
nox yrnaun 90 u Q° » UTO M COOTBETCTBOBANO CPEIHUM DHEDPIUAM,
SaXBarHBAGMHX HelTpoHos ~ 2,7 u 4 Mos, CeueHue 3axsaTa HedTpo-
HOB sueprun 2,7 u 4 Map iHosom-I27 namepsnocs NyTeM cpaBHeHus ¢
cedemmen fenemus U8y cocrabuos

o, p = 2 MOapH.
64’ = 1 wubapH.

PesympraTy uBuepeHul s HelitpoHOB sHeprmi 0,2, 2,7 «
4 MoaB nmpuseseds B TadnJg.

llpn usMepeHuu ceyveHus 3axpara HeliTponos u U 238 perucrpu-
poBanace @ — axruBHOCTSH U 239. Ins CHUXEHUA HAYANBHON AKTUB-
HOCTH ypa#a u ANA YLaNeHWA OCKOMKOB LEJIEHNS NPOMBBOLUNACH XUMK -
Y6CKa#d OuMCTKA MEeTOXOM 3DPUPHOH SKCTpaKLIuM,

Ing TOHWXEHUA ecTecTBEHHOI B—aKTMBHocm TOpUA OTZensd -
TiCH NPOLYKTH €CTECTBEHHOTO pachaja ¢ WCUONb30BAHUEM MeTOla HO-
cuTeneil. B KauyecTBe HOocUTened mnpuMeHsmuch Gapui, BUCMYT ¥ CBM -
Hell. BBVIZY C/IOXHOCTH METOLMKM YIANEHUA OCKOMKOB IeleHus cevyeHue
daxpara TOpUA WIMEPANOCH NUUB A4 Heli TDOHOB SHepruum ~ 0,2 Mas.

Y paza bneMenYOB npu 0GMy ueHU:n HeliTpoHawn sHepruv 2,7 1 4 Mas
HaO JINfa/Iach LOIMONHUTENbHAS aKTHBALMA M3-33 (v, p ), (n,d )
mporieccon (amoMuHMi, XI0DP) M B3a cueT BO30YKIEHU# WUBOMEPHHX COCTOA-
HIA Tpn Heyupyrou paccesHuu ( uwHgud, PTYTH ). B CIyuyae anoMuHug
WPpTyTH STv 3dDexTH OTZENMUTL He Yyianoch, I0OBTOMY I13 HuX nonyuve-
HY BEDXHWE U'DaHULHY CEYEHWUH 3axpara,
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2) Perucrpanmus 4 —M3nyueHHA paIMalMOHHOTO
saxparta

Ins waMepeHus cevyeHui 3axsara HeliTpOHOB SHEPruM ~ 0,2 MoB
B 1951-T954 rr. OWn0 MCNONB30BaHO Iba METOLAa, OCHOBAHHHX HA pe-
rucTpanuy g-nsnyuemm 3axsara,OcHOBHAA TPYXHOCTL MOLOSHHX W3-
MepeHuil odycnoBneHa (o HoM x-nyqen, UCXOLAMUX U3 UCTOYHUKA HEl-
TPOHOB. OJTO MUCKADYMIO TIDUMEHEHUe LENOTO pAja SIeDHHX Dearuui,
UCTO/Nb3YEMHX OCHYHO KaK HCTOUHMKM HEATPOHOB — Ltv(p,r\,)BeT , .

C*2(d, )N u T.1, B xauecrse mcToYHMKA HeliTPOHOB OKa -

3a/0Ch BO3MOXHNM WCNONB30BATH MMUB DEAKLUD rF(p,rL)Hea.

llpy w3Meperun ceveHuWi MEpPBHM METOLOM P OLVWHAKOBOM [OTOKE HE M-
TPOHOB OT TpUTHeBON Mumenu ( oM, aKIMBALMOHHWE W3MEpEeHus ) cpaBHU-
BanuCch WHTEHCUBHOCTV  ¥-UBJIyUeHuUs OT uUCCAELyeMoro ocdpasia U BTa-
JOHHOTO o0pasna hoja-I27. MHTEeHCUBHOCTD J¥ — W3nyueHus nponopuxo -
HanbHA CEeYeHN 3axsara _6c W CPexHeMy 4ucny )“—KBaHIOb Ha
saxsar \p . N3Mepenue \0 OCylleCTBNANOCE TYTE™ CUETA 5“—5“ -c0BMNa-
Ieuuil, I'auMa-uBnydyenne B3aXBaTa PETUCTPUPOBANOChH LBYMA CUMHTUNNA-
UVOHHNMY CUeTUMKaMU ¢ MOHOKDpWCTa/L/IaMu HapranuHa, aKTUBUDOBAHHOTO
aurpanesoM ( puc. 2), PajuocxeMa [MOBBONANA OCYWECTBAATE perucrpa-
JHA) 6“ nTyduell KaxZHM CUETYMKOM ¢ SHepreTvueckyM mnoporom ~0,7 Mss
i NPOM3BOJIMTL CUYET COBMAZalMUX BO BDPEMEHU .Z{'—-HB&HTOB C paspemai-
G4 BPEMEHEM Nl,5-£0‘7 CEK.

CeyeHus pazualUOHHOTO 3axparTa ONpeJENANNCh 10 QOpMyne:

()
Gca ceyeHue 3axBara HelWrpoHos sHepruw 0,2 Msp B
9TanoHe ;

N - cxopocrs cuera J-7yued 0T WCCreryemoro oG-
pasig;
N, - cxopocTs cuera J- Ayuell o1 odpasua sranoHa;

2
\p, @’5 CpeluMe UACAa )} —KDAaHTOE HAa akKT 3axsata A1A
MCCHeRyenoro BsemecTna u sranoda ( ioza-I27).

B pesynpraTy waMepeHUi BHOCHIMCH NONpaBKYU HA NOT/IOLEHNKE
f-VBIyUeHUs ¥ pacceiHue HeHTPOKOB D MaTepuane 00pasLoOB, JKCMe-
PUMEHTaNbHHE OLEHKU BAWAHLA PacCesSHHNX B HOMEWeH:! HEWHTPOHOB W
aKTuBaUMY 00paslUOB (0Ka3ald, UTC DT SPPEeKTH MpPeHeOPeXUMO Mall .

>
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lomyvennde B pesynnTaTe M3MEPeHMM ceueHus mpuBELCHY B TaGn.2.

Ins paza oneMeHTOB ¢ ManHM CeveHueM 3axpara (uupkonud, CTpOHIuI,
Oapuil, Tanmui, CBUHEI, BUCMYT ) ¥3-3a uaJNO0d MHTEHCUBHOCTH -us-
NTyueHus 3axsara He YJanoch OTIpeje NUTh (p y NOBTOMY INA HUX JaeT-
cA numb Bepxmuii mpegen O .

Tadmuua 2
Ceuenua saxsara (MuinMGapHE )
dNeMeHT 6
Mn 23 + 7
Cu 5] +1T
Zn 29 + 9
de 83 + 17
Be 380 + 55
- 8% <175
" A <55
Mo 97 + 16
A(a 590 + 77
Cdy 177 + 33
on 68 + 9
Sk 255 + 33
Bo A30
o Ta 530 + 77
— W 200 + 35
P Hg 133 + 22
: Te <175
Pb 12
Bi ‘ {14

IpeunynecTsoM OMNCAHHOrO METONA UBMEDEHUll ABNAETCA BO 3MOX-
HOCTP ONpeJeNeHus YCPEIHEHHOTO CeyeHHs [JAA CMECHM W30TOTIOB BHIEMEH-
Ta, BK/NYad ¥ HeaKTuBUDyeMwe wu3oTond, Hapazy ¢ STUM METOIZOM U3-
MepeHus COHIJ paspadoTaH MeToL, OCHOBAHHH] Ha CPaBHEHWM WHTEHCUBHO-
CTH ) -WBMyuYeHUS OT 3axBaTa OHCTPHX ¥ TENNOBHX HelTpoHOB.Merox
TAKKE J3eT BOSMOXHOCTL U3MEDPATH 6C Ins HEaKTMBUPYSMHX WB0TONOB,
OIHaKoO, MDUMEHEHNE €ro OrpaHWyveHO OZHO UBOTONHEME HaeMeHTaMM,UTO-
O4 yMeHbunTH 3(PEKT, CBABAHHH X C BOBMOXHHM OTIWYMEM CHEKT DOB
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X" -ny4eil, saxBaTa TEMNNOBHX ¥ ONCTDHX HelTPOHOB, WCHO IL30BaNCH
JeTeKTOp, Man0 YYBCTBUTENBHHH K CTDPYKIYpPEe CHERIpa J“ —nyueil, IIpm
u3MepeHUAX 6 A8 30/10T8 MOZOCHWE SgeKT OLeHUBAICA DKCHEpPUMEHTAaNb
HO W OK&3alCd  JOCTaTOYHO ClladHM.

Ipy w3MEPEHUAX BTUM METOJOM HeOOXOLWMO CDaBHEHWE TOTOKOB Tem-
NOBHX ¥ CHCTPHX HeHTPOHOB, mNajavUux Ha oGpa3el, CpaBHEHue npoms—
BOUNOCEH C NOMOMBI UOHK3AIIMOHHOM KaMepy JeleHus CO ClIOeM u .
HcTouHMEOM Hempoaoa, Kak ¥ B Mpexd nymeM ciaydae, CIyxuina pearuus
T (.1 He?, Perucrpanus  y¥ -u3nyueHMA 3axsaTa NpoN3BOLM-
fach COUHTUNIALMOHHHM CUETUYMKOM C KPUCTA NNOM Cchz . éT0-
PuCTHA KaNbIui DETHUCTPUPYET HeliTPOHH ¢ Manoi sdpexTvrHocTsd (ceue-
Hue paiuManMoHHOTO 3axBaTa HEHTPOHOB B KanslUu U ¢TOPE Mamo ),

TaK YTO GOH MPW W3MEPEHNAX OOYCNOBIEH, B OCHOBHOM, 5" ~U3NyueHUEM
U3 MumeHu, Ipyroe rnpeumyne cTso CO(;F'Z =0THOCHUTENLHO C0NbWOd
ATOMHHN BeC, JTO WCKINUAET 3aMelneHWe HEHTPOHOB B KPUCTalle W
00eCneuYMBaeT 3HAUUTENDHYR DPPEKTUBHOCTS perucTpamum ¥ -nyuel,
ManocTs CBETOBOTO BHXOZA ¥y DHTOPUCTOTO KaMbLMSA NPUBOIUT K Manoi
paspemammeﬁ CIIOCOCHOCTYM CUETUYNKA O BHEPTUM ¥ CHUXAET €ero YyBCT-
BUTENPHOCTh K CTPYKIYPE CHEeKTpa y—nyqeﬁ JdTO Jaxe TOME3HO B HUC-
10 1L 3yeMOil MeTOIUKe,

BenuuuHa ceyeHUs OmNpeZeNANach Mo HOPMYNe :

0.=0 Op N / cr, Lm (3)
C Cr i
rLe 601' -~ ceyeHne 3axaara TennoBHY HElTPOHOB;

64;, 6\?“‘ — CeYeHue KeneHus U235 18 HeATDOHOB BHEp-
N N rui 0,2 M3B u TEIIOBNX HEJTDOHOB;

cT c

I\T— ’ v OTHOWEHME CKOPOCTEHl cueTa CIMHTUNIAIIUOHHOTO

kT K cyeTuMKa o KaMepH JeneHUs LJA4 TENNOBHX ¥ OHCTPHX

. HeA TPOHOB 3

~—— = OTHOUEHWE Yyucen AJZep B o0pasuax, UCIIONb3YEMHX
§ B morTokax TENNOBHX W OHCTPHX HeHTPOHOB.

llonpaBoyus¥ Ko3pduuueHT Q BBEIEH LNA YueTa HEeKOTODOro
Pa3/MYMA TeOMeTPWY ONNTOE B CHyyae 3a4XxBaTa TEIHA0BHX ¥ CHCTPHX HeHT—
POHOB, I/ yueTa TIOrJOWEHHA -U3NyYeHuUs 3axpara, LAS yueTa
paccedAHus HefiTPOHOB B OGpa3ue, ?I\Jm OTpele neHud Q TIPOU3BO LU—
MMCH BCHOMOTATebHHE ¥U3MEepeHWA C UCIOAb30BAHMEM TOUEUYHHX MCTOUYHW-
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KoB 5”— nyuyeit u ManoraGapuTHoll cruupanbHOil Kauepw meneuud, Ilorno-
meHue K—nyqeﬁ 3axpaTa B 00pasliax MCCNeJ0BaAOCh C [OMOUMbI BUC-
MYTOBHX nornorureneid. Ind npoBepxy MPUMEHMMOCTH METOZA NPOU3LD-
AUTTUCh WM3MEPEHUs NP PasdNUUHNX DHEPreTHUeCKuX Moporax perucrpa-
nuu K—nyqen U ¢ o0pasuaMu Da3nuUUHOTO pa3Mepa., Pel3ylpTaTH KOHT-
PONBHAX U3MEDEHWJ B mpelenax omuGOK COBNANW C Pe3ynbTaTaMyu OCHOB-
HHX.

Taomua 3

Ceuenns 3axsara (MuanUGapHH)

1130 Ton

Au 197

T, 232

I, $oToHelTpOHH

1) _AxTUBalROHHHE u3MepeHus /7/

Merozoy axTuBauuu u3MEPANMCH CeYeHUs paivaluoHHOT0 3axBara
doroHeliTpouoB 0T cypbMaHO-Gepunnuesoro ucrouduka ( sddekTUBHag
sHeprud ~ 25 k3B). Meroxy usMepenuii, OCHOBAHHJN Ha perucrpauuy

B -aKTUBHOCTN OONyUEHHHX 00pa3li0B, AHAJIOTWYEH MpUMEHABHEMYyca
PV U3MEpeHuAX CEeuyeHW) 3axsara HeHTPOHOB OT peakliuii ‘T'(p,rL)Hes
u D (Dn)He? Jlcno 1b30BaNCs MCTOYHUK (OTOHEHTPOHOD WHTEH-
CHBHOCTBD ~ 105 HeliTp/cex npx roamube Gepunnus ~ 10 wu (pwuc,3).
OCpasny B 3amuTHHX KOHTeliHepax pacnonarailuch Ha PacCTOSHAK
~5 ¢M 0T HeHTPa WCTOYHWKa, B KauecTBe HTANOHA WCIOAL30Ba ICH
A0 n-127.,

PesynprarH w3MepeHus, npubeleHHHE B Tall. 4 B olueM corna -
CYDTCA C pesymbTartauu pacdors Maxnusa (I)., Heo0xXoimMo OTMETUTS,
OIHAK0, Uro De3yArTaTH u3MepeHud MarkmvHa, ODM KOTODHX UCMOAB30 -
BanuCh CPaBHUTENBHO TOJCTHE 00pa3ly UCCHelyeMHX BellecTB, OO nblie
IO ZBEDECHY BAMAHUD DPe3OHAHCHON ONOKMPOBKU, YeM De3VIAbTATH NAHHOM
pacoTH,

-
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Tadnuua 4

ARTUBALMOHHNE CEueHUs Ind 24 KHB MU/ 0apHH

N3oTon

NGIQS
A%
5130
Ces?
P&E!
V51
Mrb55
(o358
Ni 64
CUG‘S
ZP8
GO;GQ
Be 7
S,LSG
Q%87
N%gs

Moioo
Aq97

1n 415
Ba158
W 186
AuteT
g 20°

ﬂ
Q
B NHE B A~

w2
ee)
(o2}
Yowwn
00]

o ~3 H D
% H O &>
(@p] D e
o
+ I+ ¥ N+
ONolll ,p.l
v OHWHHO WHNO
> DN &S We w «
D) OO W

™
o]
o,
w
o

I+ 4 1+ 1+ I+ 1+
SC o))

(Yol
ol O
H O

2) Ocnadnenne noToXa HeliTpPOHOB npu chepuueckoi
reoMeTpun onWra /8/

Meroay, OCHOBaHHHE HA MBMEPEHMW OCAAGICHHMA Nyuka HEATPOHOB
0py TIPOXOXIEHUU Uepe3 ucClenyeMoe BeWecTBO, MO3BOAALT MOAYYATh
CEUEeHNs 3axBaTa JINd HEAKTUBUDYEMHX UBOTOTIOB ¥ ECTECTBEHHHX
cuecelt usoTonoB, lIpn M3MEPEHUIX C GHCTPHMU HeﬁrpOHaMM, cevyeHue
3axBara L9  KOTODHX COCTABNAET Manyp KOO MONHOTO CeueHusd,

A i
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HEOGXOZMMO MCNONb30BaHMUE CPEPUYECKOH TeoMeTpUd OMNuTa, C TEM
YTOOH B TEPBOM MPUGMVXEHUM MCKIOYMTL B(PEKT YNPYroro pacced-—
Hud. IIpu mpoBegeHuu u3MEDPEHMH M30TDOINUNE MCTOUHMKN HEATPOHOB
(boronelirponnse ucrounusu 5p-Be, No-D0, No-Be) oxpymamcs
cepuveckum cnoew uccnenyemoro Beuwecrtsa ( puc. 4). CpapHuBa -
NMACh CKOPOCTU cueTa XNeTexkropa HelTDPOHOB Npu yCTAHOBIEHHOM ce-
pudeckoM cnoe u 6e3 Hero. PacueT ceueuui GC TIPOU3BO LU NCH
no gopmynes

_R-2 N
(1-e*e ) (i—*ﬁ> W .
“[R-2) (a- )+E(“’2_@‘ m)]N
rIe N, - umcno a;r.ep B ou®
L-tz - IJMHA nepenoca,
4 - cpeiHWil NYTh HeliTPOHOB B BENECTBE;

Q u ' - HapYEHHJA W BHYTpeHHMH pamuycH cdepu—
YECKOTo Cnof;

Ybi — CRODOCTH CUETa JETEKTOpa HEHATDOHOB MpH
OTKPHTOM MCTOUHNUKE HEATPOHOB;
n’a - CKODOCTH CUETa JeTeKropa npu yCTAaHOBIJIEH=-

HOM c(epuuecKoM croe.
dopuysna Ohja TONMYyUYeHA NMPY MCIIOAL30BAHUYM TpeLNoNoxe Husa
00 SKCNOHeHNUaNbHOM XapaKkTepe pacnpeleneHus LAvH nyreid Heii-
TPOHOB, MCHOHTABUNX YNPYTro€ pacCedHUE B NOTNOTUTENE.

CpexHuil nyTs HeliTpoHa B CHEPUUECKOM CJ0e b y C JueTOM MHO=-
FOKpATHHX COYIapeHwii, BHYWUCIALCA 10 WHTEPHONALUOHHOH dopuyne,
npexnoxeHyoli KasauROBCKUM:

b= +03R-2 ¢, +0,29(R- ) 046 (R~ 3)/Ay,

IR
E 2 Ay Th ®)

[Ipy vCnonp30BaAHUKM BTOTO MeTOLa LAA UCKIVYEeHNA 5HbeKToB
JOPYroro ¥ HeYnpyroro paccefiHus HEOOXOIUMO NpuMeHeHWe LeTeR—
TOpa, HEYYBCTBUIENBHOTO K SHEPIUY HeliTpoHOB, B omnucisaemoil
pacdoTe MCMOAL30BANCA CUETUYUK, TpelnokeHHW? Mak-KuGdewom /9/.
Cnajzenne dPPEKTMBHOCTU CUETYUKA L4 HelTDPOHOB C BSHepruei
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T MoB npuBOLMT K 3aBHEGHWD ceuyeHuli 3axBara (3aMenneHue HellTPOHOB
Mpy yOpyroM u Heynpy roM pacCesHMM B MCCHELYeMOM Bemecrse ), Oned-
KU NoKasWBamT, Yro xnd goroHedtpouos No-Be MOXHO OXUZATH
3apimenus ceuvewui wa 20-30%, a nnd goroHeiiTpoHoB NOv-D,0 -2-4%.
PesynpraTy u3Mependii npuBeieHs B Tadn. 5.

Tadnmuna 5

Ceuenus nornomeuus ( uunnudapHu )
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I, llupoxve cnexTpu HeliTpoHOB

T )AKTUBALMOHHNE MBMEDEHW: CEUEHM 3axpara HEUTPOHOS.
CHeKTDa IeNeHuA

Jlawias padoTa OHJa TEPBOL B ONUCHBAEMOM LMKN2 DKCepUAMEH -
TANbHHX PACOT N0 MBMEpPEeHUD CeueHuil pajgualuoHHOrO 3axpata GHCTPHX
HelltpoHos ., Bo Bpemsa ee nocraxonxu (1950) He OHAM LOCTYNHH Takue
MCTOYHWKN OHCTPHX HENHTDPOHOB, KaK DeakKnuu ¢ 3apAXeHHHMU yac Tulamu,
MouHie (GOTOHeHTDOHHHE WCTOUHUKM, PEaKkrTopy Ha CMCTPHX HeTpOHaX.
JTO 3aCTABWIO0 UCMO/B30BATh B KAUeCTBE MCTOUHUKA OWCTDHX HeWTpOHOB
LeMuTe AbHHY KOHBEDPTEep B MOTOKE TelNoBHX HEZTDOHOB.

MeroruKa akTvBaLMOHHNX M3MEPEHU) aHalIOTWuYHA WMCIO0/b30BaHHOY
Dsou /Z0/. Ceuenne saxsara O,  OmNpenenanoch 1O COOTHOWE HIUD:

A
B - T ®)
A, Py
AGC"‘ - CeuveHue 3axBaTa TEMNOBHX HEHTDOHOB;
A-S - OTHOWEeHUE aKTWBHOCTEN OOpaBHOB, BH3BaHHHX 3axBa-
T

TOM CHCTDPHX W TEMAOBHX HEHTPOHOB;

-J-'-‘l"- - OTHOUEHWE IMOTOKOB TEMMOBHX ¥ OHCTPHX HeJTPOHOB.

¥

OTHOKIBSHHG IO TOKOB ONPELEeNANOCh KAaK pacuerHHM MyTeM, Tak #
DKCNEPUMEHTANEH0, C MCTIONb30BAHUEM B KauecTBe BTAaNOHA cede Hui
3axpara, MONYyyeHHHX D3o0M,

0GnyyeHue 0Gpas3L0B NPOU3BOLMAOCE B MONOCTY TEINOBOJ KOJIOHHH
pasuepou 60x60x60 cu. llpu usMepeHUSX WCIONBL30BANCA KOHBEPTEP U3
e@CTeCTBEHHOTO ypaHa.

PesynbTaTd M3MepeHud npuBeXeHs B Taln. 6.
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Taonmmua 6

CeueHua axTuBauMy Lnd CHEKTPa HellTpPOHOB
Tenenus (MuIAuCapHy)

30T0:1
No,2 0,54 + 0,18
AR 1,2 + 0,4
Mr, > 12,0 + 1,4
[y 6,6 + 0,3
7, 90 6,6 + 1,5
Mo 100 10,0 + 3,6
Agioo 193 + 22
pt 498 58,5 + 4,3
pp2m 2,7 + 1,1
Bi 209 2,5 + 0,9
y 238 89 +18

2) AKTUBAUVMOHHNE W3MEDeHUS B IeHTPEe aKTUBHOH 30HH
peakropa Ha OHCTpPHX HeliTpora BP-I

MeTozoM akTuMBALMN MBMEDANWCH CEueHUs 3axbaTa PALE WBOTOINOB
Anf CHEeKTPa HEeUTPOHOB, YCTAHABAUBADWEr0oCs B LEHTPe aKTUBHOU 30-
HH peaKTopa Ha OHCTPHX HedrTpomax BP-1 /4/. W3MepeHus NpoBOIMIUCH
Ing IBYX BApuaHTOB DeakTopa,

B mepsoM BapuaHTe aKTWBHas 30HA Deakropa codupanach M3 NIy-
TOHUCBHX CTEDEHell, SKDaHOM CAYXMM cnoifl 00eZHEHHOTO ypaHa. B
LeHTPe aKTUBHOM 30HH pacmonarancs wamepurenbHEY KaHan, Bo Bropowu
BapuaHTe peaxropa BP-1 ucnonb30sanca MeiHHii 5KpaH. Kpowe TOTO,
mepRuy pAL TNYTOHWEBHX CTEPXHE) BOKDYT UBMEDPUTENbHOTO KaHana
BaMeHANCH BCTABKOW u3 wemu (pwc.5). JraroHom Npu M3MepeHuSAX Cay-
®un Ph:zgg . lccnexnyeune o0pa3md ¥ Kamepa IeNeHuS CO ClOeM
£3u239 06nyyanuch COBMECTHO Kak B UBMEDUTENLHOM KaHane, Tak ¥
B TEMNOBOJ KQNOHHE, B 0CTanbHOM METOX W3MEDeHWM aHanoTuyeH Ofi-
CaHHOMY paHee,
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PesynsTaru u3Mepenuli nnd 2-x BapuaHTOL peakTopa
npusexeHs B racn, 7.

TaGnuna 7
Ceuenne axtuBauuu ( Munnucapuy )

U ~sxpan Cu-sxpa

0,51
0,82
5,17
15,25
8,46

0,02 0,53
0,03 0,79
0,26 5,85
1,14 17,8 + 1,4
0,73

0,03
0,04
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D ™
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213 + 20
107 + 10
11,8 = 0,7
182 + 15
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3) OcHnuandTopHHE W3MEPEeHus B LEHTPE aKTUBHOM
30HH peakTopa Ha GHCTPHX Hedrpouax BP-1

Ina oupefeneHus ceueHuidl 3axpBaTa HENTPOHOB B HEaKTHBUDYEMHX
U30TONAX ¥ eCTeCTBEHHHX CMEeCAX WB30TOIIOE UCNONb30BANCA METOIL
rno6anbHOTO OCHUNAATOPA B peakTope Ha OHCIPHX HeilirpoHax BP-I.,

MeToX wBMepeHu# OCHOBAH HA CPaBHEHUY U3MEeDPEHUd peakTud-
HOCTM DEaKTopa Mpu BBEIEHMU B LEHTD aKTWBHOH 30HH UCCHELYEMOTO
oGpasua u ofpasua Pu “39. VsMeHeHNe PEaKTUBHOCTHW IIpU BBEIEHWU
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B PEAKTODP WCCNELYeMOT0 0Jpaslu HPOMCXOLNT 3@ CUET MOT/IONCHUR
HElTPOHOB M 3a CYET uPMEeHeHWs LEHHOCTH HeWTPOHOB MPU UX YIDPYTOw
v Heympyrom paccefHuu b odpa3sie, JOnonHuTesnbHOe BO3..YUEHAC MOXET
BEOCUTD "KaHanpHui 9@bert", TO €CTh UBMEHEHWE YTEUKW HEHTDOHOB
yepes ubMepuTensiu# Kadan npu BBeLeHuy odpasua B LEHTD aKTUBIOL
30HH ¥ BPDEKT paccesHus B odpasue.

OcuunnATOpHYe M3MePEHUA TIPOUBBOIMINCE LN ABYX BapHasTOB
peakropa FP-1
Nccnexmyeunit odpasen mepeMenancA B LEHTPANbHOM W3MEPUTENbHOM KaHa-
ne ¢ nepuomoM 82 cex. las ucKioueHus "xaHanpHoro dipdexra” odpasen
3aK10yancsd B HOAOCTE MexHoro crepxus (puc.5). YPOBEHB HelTDPOHHOTO
TI0TOX@ B DEAKTOPe PETrUCTPUPOBAJICHA C (IOMOWBI MOHUBALWOHHO] KauepH
. CO cnoeM 06opa, NMOZCOeIMHe:HOH K u3uepurenw peaxTuBHOCTU. Cucrema
no3uoNANE PETWUCTPUPOBATE U3MEHEeHue peakTuBHOCTH ~ 107",

CeueHue BOBMYyMEHHU OMNpele JFN0ChH N0 .popMyne:

Op = AQ A0 N
rie AQ, A@o - USMEHEHUA DeaKTUBHOCTH, BOSHUKAKIUE TNPU BBEIEHUU
HcCNelyeworo odpasua u oGpasuna Pu
N, Ng - qucnggs,n;ep B ucCAeLyeMoM oGpasue u oopaaue
Pw ¥ |

6 +(\) 1) - 69 onpeNenaNoOCch U3 HEBABUCUMOTO
onura /47, Cpasaemae ceuenuii Bosuyuedus (radn.8) ¢  pesynbTaTAMU
aKTUBALVOHHHE X W3MEDEeHU LOKa3WBaeT, YTO NPU UCTIONLBOBaHUM BapuaH-
Ta peakTopa C MeJHHM OKDaHOM ¥ MeZHON BCTaBKO{i B LEHTDe aKTUBHOM
30HH, CEYeHWs BOBUYUEHUs OKABHBANTCH OMA3KUME K CEUYEeHUIM TOTnoue-
HUJ HEUTDPOHOE ( wexnwuas nerxme w "uarmieckue" szpa). 310 00BAC-
Hhercd Oonee cnaloid 3aBVICUMOCTHY HEHHOCTU HEHTPOHOB OT 3HEPIruK
LNA Takoi cuUcTeMH, ¥, TAKM 00pasoM, Conge cnaluM BAUAHUEM ynpyro-
[0 ¥ HEYNpPyroro paccefuva HeiiTPOHOB B 00pa3le.

B BapuaHTe ¢ ypauoBHM JKPAHOM CEUEHUA BO3UYHEHWd CUIbLHEe
OTIMYAKNTCH OT CeueHwuif mornoweHun. PesynbraTH U3MEPeHUH B BapUAH-
Te ¢ YpaHOBHM oOTpaxaTeney Gnu3Ku K peaynprarTau pacoTH Xomdca u

Ip./11/.
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Tadnuua 8

Ceuenus posuyueuns ( wunnudapuy )
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66,0 + 2,4
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25,9
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33,1
52,6
49,4
98,7
74,0
80,0
70,2
7,3
122
56,2
53,3 + 8,6
56,4+0,5

111 + 2

108+1,4

~. - ~ -

-

-

- W -

ECEES IS B N e e Nire N St e s N

-

SR NeNeoNeoNoNoNoNoNeo = B s

~2

I 4+ 4 1 1+ I+ 0+ I+ 0+ 1+ b+ 1+ b+

Rh
Pd,
A9
Cd
In
St
$%
i
s
Ba
LQu
e
Pg
Nd
S
6o
Ta
W
Pt
Au
H
o
Bt

177 £ 1
135 +1
227 + 1
109,0+ 1,3
274 + 1
61 + 1
146 + 1
142 + 1
155 + 3

219 + 2
170 + 1
26T +1
168,0+ 1,3
303 + 2
98 + 1
173 + 2
783 + 3
177 £ 6
41 ,7+71,6
133 + 1
95,3 + 2,4
162 + 5
194 + 713
305 + 15
184
270 +1
780 + 9
187 + 1
223 +1
107 + 4
43,2+0,4
44 ,8+0,4

Th

157 +1

4) AXTUBALMOUHNWE W3MEDEHWA B 9KpaHe peakTopa

bP-2

Ilna Gonbwoli rpynod M30TONOB METOLOM AKTUBALNW UBMEDS/IHUCD
CeueHus 3axBaTa HEHTDOHOB CHEKTDa, yCTAHABIUBAOLYUETOCA B YPAHOBOM
S9KpaHe peakropa BP—2[12]Ha paccroguiy 20 cw 0T Kpasg aKTUBHOM

30HH.,
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5 B KauecTBe OCHOBHOTO BTAN0OHA NpU M3MEDPEeHWAX WUCHOIL30Bancs
Py239 . IlpoMexyrounuM sTanoHoMm cayxun Homx-I27. Wccnelyeuue
odpasuy u odpasen foxa-I27 COBMECTHO OGNydYanuCh B MBMEPUTENBHOM
KaHane SKpaHa peaxropa (pwc.6) U B KaHane TENJ0BOK KONMOHHW, Ce-—

UeHue 3axmara 60 BHYIICIANOCH 110 COOTHOWE HUNS

- Oy As /Ay
6. =Be g i /1 ®)
mr "6 T
(OOOBH&‘!GH%H}&H&HOPVNHH 3 )
Benuuuna 6—;? {)g%; OTpPEeLeNinach NyTeM CPaBHEHUA C CeueHUsAMHu
Ienerns Pu”
ConocTap/nenne W3MepPeHHHX CeueHud 3axpaTa IAA PALA J/IEMEHTOR
( 3-‘) Mn A% - Au ) ¢ saBucumocTro ceueuns saxsara
OT DHEPTU LIS BTUX BNEHMEHTOB, WUSBECTHOH M3 Lpyrux pador /5/, MO3-
BONANO OLEHUTH SRPEKTHBHYX BHHEDPIWN 3aXBaTHBaEMHX HE/TPOHOB,
JjpexruBHas SHeprus cocrasuna 0,15 Mam,
Tadnuua 8

CeueHus axruBanuy B dKpaHe GP-2 (uMummudapuu)
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PesynpraTd u3MepeHuii ceueuuik paruManMOHHOTO 3axsaTa WCNO/Ib-
30BaNuCh B CUCTEMAX MHOTOTDYMIOBHX KOHCTAHT X1d pacuyeTa pPeaxTo-
POB Ha OHCTpPHX HeHrpoHax, ManmocTs 3TvX ceueHwuil mng GONBWMHCTBA
MaTepuanos, KOTOPHE MOTYT ONTh WMCIO/bL30BAHH Kak TEeNNOHOCUTENN,
KOHCTDYKLMOHHYE MaTepuand, pastaBuTenu 00eCrIeyuBanT BO 3IMOXHOCTD
NONYUueHWs 3HAYUTENBHHX KOOB{DULMEHTOB BOCNPOM3BOLCTBA B pEaKkTOpax
Ha OHCTpPWX HelTpoHaX,

IIpu paccMOTPEeHUM 3aBUCUMOCTH CeUeHUd 0T uncna HYK/IOHOB B
aIpe ADKO NpOABNANTCA 3aKOHOMEDHOCTH, oTueuewnuwe eme Dzom (0),
Ceuenus cucremaTwuecku pactyt ¢ pocrom A or 1 10 100, 3areM B
cperseyM ocraprcs mocrosussmu ( pue. 7,8,9). B ro %e Bpeus Hadmo-
IaeTcd De3Koe MameHue ceuyeHuil B odracTAX MaruyeckuxX uyucen, Ced-
3aHHHe C Manod NMOTHOCTHIO YPOBHEV B COOTBETC TBYWHUX BO30Y%IEH-
HHX COCTaBHHX SipaX. OCOGEHHO CHUABHO MajJeHUe CeueHud OpoABAAET-
ca B pesynprTaTax aKTuBalWOHHHWX u3Mepewui B sxpaHe BP-T (puc.7).

Cnadee oTOT 9JxpekT npossnseTcd y ceveHwil 3axpara, MNOMyuyeH-
HHX METOZOM oc/lal/eHud B chepuyeckod reoMerpuu u mo ¥ —aydam
saxsara (puc, 8), urO, NpaBna, LEANKOM 0C0bACHAETCA MasO} MPUrOf-
HOCTBM DTUX METONOB XN ¥3MepeHNs OUEHb MaNHX CEeueHud 3axsara
Marvyeckux fzep. 3Iech, OIHAKO, MOXHO BUIETH, UTO MaieHUe cede-
HUif TPOWCXOLUT YXe ¥ US0TONOB, MNpeIuecTBYDINX N30TONAM C 3aMKHYy-
raMu odonouxamu ( BombdpaM, pryTh, Tanaui). Hapamy ¢ odpexrou
06pa3oBaHus BaMKHYTHX 000N0YEK NPOSBNAETCH U BPHEKT Ue THOCTH
qucna HYKJIOHOB B Agpe. ¥ AZep ¢ UeTHHM 2 CEueHNd 3axBara
B CpeIHeM MeHble, UeM B Cnyyadx fLep C HevyeT HIMU 7
_ [lozoGHNE Xe BaAKOHOMEDHOCTH MPOABASNTCA B CEUYEHUAX 3axmara,
TONYUYEHHHX MPW OCLIMAATODHHX U3MEDEHUAX B PEAaKTOpPe Ha OHCTPHX
wefirposax ( puc. 9 ).
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